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Abstract
The properties of relaxor ceramics in the compositional series (1-x)K0.5Bi0.5TiO3-
xBa(Ti0.8Zr0.2)O3 have been investigated. Values of Tm, the temperature of maximum relative
permittivity, decreased from 380 °C at x = 0.0 to below room-temperature for x > 0.7.
Compositions x =0.1 and 0.2 were piezoelectric and ferroelectric. The maximum value of d33
piezoelectric charge coefficient, 130 pC/N, and strain, 0.14 %, occurred at x = 0.1.
Piezoelectric properties of x = 0.1 were retained after thermal cycling from room
temperature to 220 °C, consistent with results from high-temperature x-ray diffraction
indicating a transition to single-phase cubic at ~ 300 °C.
2Introduction
Health and environmental concerns surrounding the use of lead oxide have stimulated
extensive research into lead-free electroceramics [1-5]. A wide variety of possible alternative
lead-free solid solutions to the market leading lead zirconate titanate (PZT) have been
reported, many of which are based on the same perovskite ABO3 crystal structure. A common
theme is to attempt to engineer a temperature-insensitive morphotropic phase boundary
(MPB) between ferroelectric phases of differing symmetry in order to maximize ferroelectric
and piezoelectric coefficients, in an analogous manner to the PZT system [6,7].
Examples of lead-free piezoelectrics include solid solutions of sodium niobate and
potassium niobate, Na1-xKxNbO3. At a composition, x~ 0.5 (abbreviated NKN), d33 values
reach ~ 100 pC/N [8]; NKN forms an end-member for a number of other solid solutions
which have been investigated as potential lead-free piezoelectrics [8-14]. Binary solid
solutions include NKN-LiTaO3 with d33 ~ 200 pC/N at compositions 5-6 % LiTaO3 [4, 8];
similar properties exist in NKN-LiNbO3 [10]. In both of these systems, the maximum d33
and coupling coefficient, kp, values at 20 °C occur for levels of LiTaO3 or LiNbO3
substitution where the temperature of the polymorphic phase transition (PPT) between
orthorhombic/monoclinic and tetragonal phases is lowered to ~ 20 °C [4]. Phase coexistence
at the PPT creates enhanced piezoelectric coefficients, but values degrade on heating the
samples above room-temperature, due to disruption of the polar domain structure on cycling
through the PPT [4]. This limits implementation as a working piezoelectric for device
applications in which stable properties are required over a range of temperatures, although
improved stability may be achieved by a slight increase in LiTaO3 content [4]. Textured
ceramics based on (K, Na)NbO3-LiTaO3-LiSbO3 have been reported using complex reactive
template grain growth techniques; d33 values are around 400 pC/N [15].
3Compositionally modified BaTiO3 ceramics have attracted interest as lead-free
piezoelectrics and relaxor dielectrics [16-25]. High d33 values, ~ 600 pC/N at 20°C have been
reported for a composition, 0.5Ba(Zr0.2Ti0.8)O3 - 0.5(Ba0.7Ca0.3)TiO3 [22], competitive with
PZT. The Ca2+ and Zr4+ substituents modify the temperature of the various polymorphic
phase transitions in BaTiO3 such that a boundary between rhombohedral and tetragonal phase
develops at this composition [22]. Rietveld refinement of high resolution x-ray diffraction
indicated mixed tetragonal and rhombohedral phases at 20 °C, and single phase cubic at 100
°C [23]. The high d33 values have been interpreted on the basis of a combination of
polarisation rotation and extension, the latter arising from the relatively low Curie point, Tc ≤ 
100 °C, at which the paraelectric cubic phase forms [21]. The replacement of BZT with
Ba(Sn0.12Ti0.88)O3, gave a d33 of ~ 530 pC/N with a Tc of ~ 70 °C [24]; comparable properties
were reported for Ba(Hf0.2Ti 0.8)O3- Ba0.7Ca0.3)TiO3 [25].
Similarities in the electronic structures of Pb2+ and Bi3+ ions have attracted interest in
Bi-based perovskites. Systems include Na0.5Bi0.5TiO3 - BaTiO3 with d33 = 125 pC/N and kp =
0.55 at a phase boundary between rhombohedral and tetragonal phases [26]. Although Tc at
the optimum composition is ~ 280 °C, a depolarising transition at ~ 150 °C limits the
temperature range of operation [1, 27]. Solid solutions Na0.5Bi0.5TiO3- K0.5Bi0.5TiO3 offer
maximum d33 values of ~ 200 pC/N for ~20 mol % KBT at a rhombohedral-tetragonal
phase boundary, but again a depolarising transition occurs at ~ 150 °C [ 2, 28].
This paper reports the properties of a novel compositional series, (1-x)K0.5Bi0.5TiO3-
xBa(Ti0.8Zr0.2)O3, (KBT-BZT). The KBT end-member is tetragonal at room-temperature and
a relaxor dielectric, with Tm ~ 380 ºC [28, 29]. The BZT end-member composition is cubic at
room-temperature, and lies close to the ‘pinch - point’ where the temperatures of cubic-
tetragonal, tetragonal-orthorhombic, and orthorhombic–rhombohedral phase transitions
coincide [30].
4Experimental
Ceramics in the KBT-BZT system (1-x)K0.5Bi0.5TiO3-xBa(Ti0.80Zr0.20)O3, were
fabricated by a solid state processing route. The starting powders were BaCO3 (Alfa Aesar,
99 %), TiO2 (Sigma Aldrich, 99.9 %), ZrO2 (Sigma Aldrich, 99%), Bi2O3 (Sigma Aldrich,
99.9%) and K2CO3 (Sigma Aldrich, 99%). The powders were dried overnight in an oven at
200 °C and then weighed according to the stoichiometric ratios. All batches were mixed by
ball milling with zirconia grinding media in isopropanol for 24 h. After drying and sieving
through a 300 µm mesh nylon sieve, powders were calcined at 1000 °C for 4 h in closed
alumina crucibles with a heating ramp rate of 300 °C/h. The calcined powders were re-milled
for 24 h with addition of 1wt% binder (Ciba Glascol HA4). Powders were compacted into
pellets, 10 mm diameter and 1.5 mm thickness by uniaxial pressing in a steel die at 65 MPa,
followed by cold isostatic pressing at 300 MPa. During sintering, the pellets were embedded
in calcined powder of the same chemical composition; sintering was conducted in closed
alumina crucibles at dwell temperatures ranging from 1060 °C-1350 °C for 4-6 h.
An X-ray diffractrometer (Bruker D8, Cu-Kα~1.5406Å) was used to determine phase
content of powders obtained by crushing and grinding sintered pellets; the powders were
annealed at 500 ºC to reduce strain introduced by the grinding process. For electrical
characterization, the pellets were ground to reduce thickness to 0.8 mm, and silver paste
(Agar scientific) was applied to parallel polished surfaces; electroded pellets were fired to
550 ºC for 15 min with heating rate of 15 ºC/min. Measurements of dielectric relative
permittivity, εr, and loss tangent, tan δ,  as a function of temperature (25 ºC - 600 ºC)  and  
frequency (1 kHz - 1 MHz) were performed using an impedance analyzer (HP Agilent, 4192
Hewlett Packed) linked to a computerized data acquisition system. Piezoelectric d33 charge
coefficients were measured on poled samples using the Berlincourt technique (Piezotest
5meter PM 300). The samples were poled in a silicon oil bath at 50 °C for 10 min with an
applied electric field of ~ 4 kV/mm. Strain – field measurements (S-E) were performed at
room-temperature using a Precision LC analyzer (Radiant Technologies Inc.). Polarisation-
electric field response was measured using a triangular waveform (1s duration pulse). The
densities of sintered ceramic pellets were 90-92 % of theoretical, as determined from
geometric measurements using values of theoretical density obtained by least square
refinement of XRD data.
Results and discussion
X-ray diffraction patterns of the (1-x)K0.5Bi0.5TiO3-xBa(Ti0.80Zr0.2)O3 compositional
series are shown in Figure 1a. The KBT end-member (x = 0) was tetragonal [28] and BZT
(x = 1) cubic perovskite [30]. The tetragonal lattice parameters changed from a = 3.907 Å
and c = 3.997 Å at x = 0, to a = 3.926 Å and 3.997 Å for x =0.05. The KBT-BZT solid
solutions, 0.5 ≤ x ≤ 1 had single-phase cubic XRD patterns, with lattice parameter a
increasing to 4.033 Å at x = 1, Figure 2. Faint additional reflections appeared either side of
the 100 and 200 cubic XRD peaks for 0.1 ≤ x ≤ 0.4, as highlighted in Figure 1b.   
Comparisons of diffraction patterns in terms of trends in positions of the peaks in the 200c
region, and their relative intensity, infer that the extra reflections signify a phase coexistence
region of tetragonal and pseudo-cubic phases for 0.1 ≤ x ≤ 0.4.  
Plots of relative permittivity, εr, versus temperature indicated that KBT-BZT solid
solutions    were relaxor dielectrics, Figure 3. The εr - T plot for KBT (x =0) showed diffuse
peaks, with a temperature of maximum dielectric constant, Tm, ~380 ºC, (1 kHz), and only a
slight variation in Tm with changing radio frequency (Tm (1 kHz) – Tm (1MHz) = 20 °C),
consistent with literature  reports  [28 ]. The εr - T plot for x = 0.05 was similar to KBT, but
6Tm was slightly lower, 370 °C. A much stronger frequency-dependence in Tm values was
observed for compositions x ≥ 0.1, Figure 4.  This, together with the relaxation in tan δ at 
temperatures around Tm, is typical of a relaxor dielectric. The change in frequency-
dependence of Tm as the BZT constituent increased from x = 0.05 to 0.1 correlates to the
emergence of the pseudo-cubic phase as the dominant phase in XRD patterns (Figure 1b).
Room temperature relative permittivity was ~ 700 for x = 0.1, and ~ 1000 for x = 0.2
(1 kHz); with tan δ (20 °C) values of 0.06 - 0.07 (1 kHz) for  x = 0.1 -  0.2,   higher values, 
tan δ ~ 0.1, were recorded for compositions 0.3 ≤ x ≤ 0.6 due to the  effects of the loss 
tangent peak as Tm decreased.  Peak values of relative permittivity decreased from εr max ~
4000 (1 kHz) for x  ≤ 0.2, to ~ 3000 for 0.2 < x ≤ 0.5, and to ≤ 1500 at x ≥ 0.6, Figure 3.  The 
trend of falling Tm with increasing x was such that Tm decreased to below to room
temperature for x > 0.7, Figure 5 (and relaxor behaviour was not investigated).
Various models have been proposed to account for relaxor behaviour; it is generally
considered to arise from chemical or structural disorder associated with the existence of polar
nanoregions [31-34]. Relaxor properties of BaTiO3-BaZrO3 solid solutions have been
studied by several groups [16, 17, 35-38]: a change from normal ferroelectric to relaxor
behaviour occurs as the Zr content in Ba(Ti1-yZry)O3 increases to 0.25 ≤ y ≤ 0.5. Unlike 
classic relaxors such as Pb(Mg,Nb)O3 both B-site ions in Ba(Ti1-y,Zry)O3 are of the same
valence. An EXAFS study (extended x-ray absorption fine structure) of Ba(Ti1-yZry)O3
compositions identified aggregation of non-polar ZrO6 units inferring relaxor behaviour was
due to random elastic fields created by BaZrO3 inclusions [38].
In the present KBT - BZT solid solutions, a combination of mixed valence
substitution on the A sites, and isovalent substitution on the B sites of the perovskite ABO3
lattice may be anticipated from the basic solid solution mechanism: (K0.5-0.5xBi0.5-0.5xBax) (Ti1-
7xZrx)O3. Relaxor behaviour may relate to ZrO6 ordering in the manner reported for BZT [38],
but with an additional contribution arising from mixed valence A-site occupancy. The
changeover in dielectric properties as composition approaches KBT to a weak frequency
dependence suggests the level of Zr4+ substitution is insufficient at x ≤ 0.05 to form ZrO6
clusters of sufficient size or number to give a classic relaxor response.
Only compositions x = 0.1- 0.2 were ferroelectric, as evidenced by the polarisation-
electric field responses shown in Figure 6. Remanent polarization, Pr, values were 12 -14
μC/cm2 and coercive fields, Ec ~ 30 kVcm-1 and ~ 20 kV/cm for x = 0.1 and 0.2 respectively.
Broadening of the ferroelectric P-E hysteresis loops was consistent with the relatively high
tan δ values.  
Strain-electric field responses of x = 0.1 and 0.2 compositions are shown in Figure 7.
Maximum strains were ~ 0.14 % at x = 0.1, with d*33 ~ 200 pC/N, Figure 7. Negative strains
recorded for x = 0.1 and 0.2 samples were consistent with piezoelectric behaviour. Remaining
compositions were non-piezoelectric, with electrostrictive strains of < 0.08 %. Trends in
measured d33 values from composition x = 0 to x = 0.5 are shown in Figure 8; values
increased from 44 pC/N for KBT to a maximum of 130 pC/N at x = 0.1, decreasing to ~ 100
pC/N for x = 0.2 and then dropping sharply at x > 0.2, Figure 8. Hence the optimum
ferroelectric and piezoelectric properties in KBT-BZT occur around the changeover in phase
content from tetragonal to mixed phase (tetragonal and pseudocubic) at x = 0.1. A future
detailed crystallographic study would clarify the symmetry of the ferroelectric phase(s) in this
region.
As discussed in the Introduction, few lead-free piezoelectrics retain their properties on
thermal cycling to > 200 °C in the manner of PZT. The thermal stability of d33 for x = 0.1
was investigated by measuring d33 before and after heating a poled sample. The d33 value
8after heating to 220 °C was within 10 % of the original value, whereas significant
depolarisation occurred after heating to 250 °C. Analysis of a powdered sample of the x =
0.1 ceramic by in-situ high-temperature x-ray diffraction indicated a transition from mixed
phase to single phase cubic at ~300 °C, Figure 9, similar to the temperature Tm recorded
from permittivity plots. Hence depolarization occurs ~ 80 °C below Tm (PZT depolarizes
well below its Tc of ~ 390 °C).
The d33 value of x = 0.1, at a ceramic density of only 92 % theoretical, is higher than a
number of other KBT-based perovskites such as KBT- BiScO3 or KBT-BiFeO3 [39, 40]; d33
values are comparable to NBT-BaTiO3 but lower than NKN-LT with d33 ~ 200 pC/N [4, 41].
The new material exhibits a higher depolarization temperature than NBT-BT and NBT-KBT
which depolarize at ~ 150 °C [2,27,28], or BaTiO3 with a Tc of ~130 °C [6]. Although
KBT-BZT has much lower d33 values than BCT-BZT ceramics, the latter depolarise at <
100 °C [22]. Overall, the results infer that this region of the K0.5Bi0.5TiO3-BaTiO3- BaZrO3
phase diagram offers promise in the search for lead-free piezoelectrics which retain
piezoelectric activity to elevated temperatures.
Conclusions
Ceramics in the system (1-x)K0.5Bi0.5TiO3-xBa(Ti0.8Zr0.2)O3 were fabricated by conventional
mixed oxide processing. Dielectric measurements showed typical relaxor behaviour for x >
0.05. The temperature of peak relative permittivity, Tm, decreased with increasing levels of
Ba(Ti0.8Zr0.2)O3, with Tm ~ 380 °C at x = 0, decreasing to Tm < 20 °C for x > 0.7. A
narrow range of compositions, x = 0.1 and 0.2, were ferroelectric. The maximum
piezoelectric charge coefficient d33 occurred at x = 0.1, with d33 = 130 pC/N and maximum
9piezoelectric-field strain 0.14 % (d*33 = 200 pC/N). Unlike a number of other lead-free
piezoelectrics, the piezoelectric properties were retained after thermal cycling to >200 °C.
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List of Figure Captions
Figure 1. (a) X-ray diffraction patterns for (1-x)K0.5Bi0.5TiO3-xBa(Ti0.8Zr0.2)O3 at room
temperature; ( b) highlighted 002c region, arrows indicate trends in peaks attributed to a
tetragonal phase coexisting with a pseudo-cubic phase for 0.1≤ x≤ 0.5.
Figure 2. Lattice parameters for (1-x)K0.5Bi0.5TiO3-xBa(Ti0.8Zr0.2)O3 as a function of x.
Figure 3. Relative permittivity and loss tangent versus temperature at different radio
frequencies for: (a) x=0; (b) x=0.05; (c) x= 0.1; (d) x=0.4.
Figure 4. Temperature of maximum permittivity, Tm, versus log frequency for x= 0 to x = 0.4.
Figure 5. Temperature of maximum relative permittivity (Tm) as function of BZT content (x).
Figure 6. Polarisation – electric field response for x = 0.05, 0.1, 0.2, 0.3.
Figure 7. Strain-electric field (S-E) response for x = 0.1 and 0.2.
Figure 8. Charge coefficient d33 for x = 0 to 0.5.
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Figure 9. Temperature-variable X-ray diffraction data for x= 0.1 showing transition to single-
phase cubic pattern at ≥ 300 °C. 
12
References:
1. T.R. Shrout and S. J. Zhang, “lead-free piezoelectric ceramics: alternatives for PZT?,”
J. Electroceram., 19, 111-124 (2007).
2. J Rodel, W Jo, K Seifert, E-M Anton, T. Granzow and D. Damjanovic, “Perspective
on the Development of Lead-free Piezoceramics,” J. Am. Ceram. Soc., 92 [6], 1153-
1177 (2009).
3. S O Leontsev and R E. Eitel, “Progress in engineering high strain lead-free
piezoelectric ceramics,” Sci. Technol. Adv. Mater. 11, 044302 (2010).
4. T. A. Skidmore, T. P. Comyn, and S. J. Milne, “Temperature stability
of ([Na0.5K0.5NbO3]0.93–[LiTaO3]0.07) lead-free piezoelectric ceramics,” Appl. Phys.
Lett., 94, 222902 (2009).
5. F. Zhu, T.A. Skidmore, A. J. Bell, T.P Comyn, C.W. James, M. Ward, and S. J
Milne, “Diffuse dielectric behaviour in Na0.5K0.5NbO3–LiTaO3–BiScO3lead-free
ceramics,” J. Mats. Chem. Phys., 129 , 411-417 (2011).
6. B. Jaffe, W. R. Cook and H. Jaffe, “Piezoelectric Ceramics,” Academic Press,
London, (1971)
7. A J Moulson and J M Herbert, “Electroceramics,” Wiley, (2003).
8. Y. Guo, K. Kakimoto, and H. Ohsato, “(Na0.5K0.5)NbO3–LiTaO3 lead-free
piezoelectric ceramics,” Mater. Lett., 59, 241 (2005).
9. Y. Guo, K. Kakimoto, H Oshato, “Phase transitional behavior and piezoelectric
properties of (Na0.5K0.5)NbO3–LiNbO3 ceramics,” Appl. Phys. Lett., 85,4121-4123
(2004).
13
10. E. Hollenstein, D Damjanovic, N Setter, “Temperature stability of the piezoelectric
properties of Li-modified KNN ceramics,” J. Eur. Ceram. Soc., 27, 4093-4097
(2007).
11. Y.J. Dai, X. Zhang, G. Zhou, “Phase transitional behavior in K0.5Na0.5NbO3–LiTaO3
ceramics,” Appl. Phys. Lett., 90, 262903 (2009).
12. J. L. Zhang, X. J. Zong, L. Wu, Y. Gao, P. Zheng, S.F. Shao, “Polymorphic phase
transition and excellent piezoelectric performance of
(K0.55Na0.45)0.965Li0.035Nb0.80Ta0.20O3 lead-free ceramics,” Appl. Phys. Letts., 95,
022909 (2009).
13. T. A. Skidmore and S. J. Milne, “Phase development during mixed-oxide processing
of a[Na0.5K0.5NbO3]1−x–[LiTaO3]x powder,” J. Mat. Res., 22[8], 2265-2272 (2007).
14. T.A. Skidmore, T. P. Comyn, and S. J. Milne, “Dielectric and Piezoelectric Properties
in the System : (1-x)[(Na0.5K0.5NbO3)0.93–(LiTaO3)0.07]–x[BiScO3],” J. Am. Ceram.
Soc., 93[3], 624-626 (2010).
15. Y. Saito, H. Takao, T. Tani, T. Nonoyama, K. Takatori, T. Homma, T. Nagaya, M.
Nakamura, “Lead-free piezoceramics” Nature, 432(7013):84-7 (2004).
16. M. C. Ehmke, , Steven N. Ehrlich, John E. Blendell, and Keith J. Bowman, “Phase
coexistence and ferroelastic texture in high strain(1−x)Ba(Zr0.2Ti0.8)O3–
x(Ba0.7Ca0.3)TiO3 piezoceramics,” J. Appl. Phys., 111[12], 124110-12411(2012).
17. Z. Yu, C. Ang, R. Guo, and A. S. Bhalla, “Ferroelectric-relaxor behavior
of Ba(Ti0.7Zr0.3)O3 ceramics,” J. Appl. Phys., 92 (5), 2655-2657(2002).
18. A. Simon, J. Ravez, and M. Maglione,” The crossover from a ferroelectric to a relaxor
state in lead-free solid solutions,” J. Phys. Condens. Matter., 16 , 963-970 (2004).
14
19. S.K. Rout, E. Sinha, S. Panigrahi, J. Bera, and T.P. Sinha, “Phase formation and
dielectric phase transition in Ba1-xCaxTi0.6Zr0.4O3 solid solutions,” J. Phys. Chem.
Solids., 67, 2257–2262 (2006).
20. Y. L. Tu, J. M. Herbert, S. J. Milne, “Fabrication and characterization of high
permittivity ceramics in the Ba (Ti 1− x− y Sn x Zr y) O3system,” J. Mats Sci., 29, 4152-
4156 (1994).
21. D. Damjanovic, “A morphotropic phase boundary system based on polarization
rotation and polarization extension,” Appl. Phys. Lett., 97, 062906 (2010).
22. W. Liu and X. Ren, “Large Piezoelectric Effect in Pb-Free Ceramics,” Phys. Rev.
Lett., 103, 257602 (2009).
23. A B Haugen, J. S. Forrester, D. Damjanovic, B. Li, K.J. Bowman, J.L. Jones,
“Structure and phase transitions in 0.5(Ba0.7Ca0.3TiO3)-0.5(BaZr0.2Ti0.8O3) from
−100 °C to 150 °C,” J. Appl. Phys., 113, 014103 (2013).
24. D. Xue, Y. Zhou, H. Bao, J. Gao, C. Zhou, Z. Ren, “Large piezoelectric effect in Pb-
free Ba(Ti,Sn)O3-x(Ba,Ca)TiO3,”Appl. Phys. Lett., 99, 122901 (2011).
25. C. Zhou, W. Liu, D. Xue, X. Ren, H. Bao, J. Gao, L. Zhang, “Triple-point-type
morphotropic phase boundary based large piezoelectric Pb-free material—
Ba(Ti0.8Hf0.2)O3-(Ba0.7Ca0.3)TiO3,”Appl. Phys. Letts., 100, 222910 (2012).
26. T. Takenaka, K. Maruyama, K. Sakata, “(Bi1/2Na1/2) TiO3-BaTiO3 System for Lead-
Free Piezoelectric Ceramics,” Jpn. J. Appl. Phys., 30, 2236-2239 (1991).
27. Z. Yang, B. Liu, L. Wei, Y. Hou, “Structure and electrical properties of
(1 − x)Bi0.5Na0.5TiO3–xBi0.5K0.5TiO3 ceramics near morphotropic phase boundary,”
Mater. Res. Bull., 43, 81-89 (2008).
15
28. Z. F. Li, C.L. Wang, W.L. Zhong, J.C. Li and M.L. Zhao, “Dielectric relaxor
properties of K0.5Bi0.5TiO3 ferroelectrics prepared by sol–gel method,” J. Appl. Phys.,
94, 2548-2552 (2003).
29. J. Yang, Y. Hou, C. Wang, M. Zhu, and H. Yan, “Relaxor behavior
of (K0.5Bi0.5)TiO3 ceramics derived from molten salt synthesized single-crystalline
nanowires,” Appl. Phys. Lett., 91, 023118 (2007).
30. T. Maiti, R. Guo, and A. S. Bhalla, “Enhanced electric field tunable dielectric
properties of BaZrxTi1−xO3 relaxor ferroelectrics,” Appl. Phys. Lett., 90, 182901
(2007).
31. R. E. Eitel, C. A. Randall, T. R. Shrout, and S. E. Park, “Preparation and
Characterization of High Temperature Perovskite Ferroelectrics in the Solid-Solution
(1-x)BiScO3–xPbTiO3,” Jpn. J. Appl. Phys., Part 1 41, 2099 (2002).
32. G. A. Smolenski, V. A. Isupov, A. I. Agranovskaya, and S. N. Popov, “Ferroelectrics
with diffuse phase transitions,” Sov, Phys. Solid State., 2, 2584 (1961).
33. S. S. N. Bharadwaja, J. R. Kim, H. Ogihara, L. E. Cross, S. Trollier McKinstry, and
C. A. Randall, “Critical slowing down mechanism and reentrant dipole glass
phenomena in (1 − x)BaTiO3-xBiScO3 (0.1≤ x≤ 0.4): The high energy density
dielectrics,” Phys. Rev. B., 83, 024106 (2011).
34. V. Bovtun, S. Veljko, S. Kamba, J. Petzelt, S. Vakhrushev, Y. Yakymenko, K.
Brinkman, and N. Setter, “Broad-band dielectric response of PbMg1/3Nb2/3O3 relaxor
ferroelectrics: Single crystals, ceramics and thin films,”J. Eur. Ceram. Soc., 26, 2867
(2006).
35. T. Badapanda, S. K rout, L. S. Cavalcante, J.C. Sczancoski, S. Panigrahi, E. Longo, M
Siu Li, “Optical and dielectric relaxor behaviour of Ba(Zr0.25Ti0.75)O3 ceramic
explained by means of distorted clusters,” J. Phys. D. Appl. Phys., 42, 175414 (2009).
16
36. C. Laulhe, F. Hippert, R. Bellissent., A. Simon, G. J. Cuello, “Local structure in
BaTi1−xZrxO3 relaxors from neutron pair distribution function analysis,” Phys. Rev. B.,
79, 064104 (2009).
37. H. Chen, C. Yang, C.Fu, J. Shi, J. Zhang and W. Leng, “Microstructure and dielectric
properties of BaZrxTi1–xO3 ceramics,” J. Mater Sci: Mater Electron., 19, 379-382
(2008).
38. C. Laulhé, F. Hippert, J. Kreisel, M. Maglione, A. Simon, J. L. Hazemann, and V.
Nassif, “EXAFS study of lead-free relaxor ferroelectric BaTi1−xZrxO3 at the
Zr K edge,” Phys. Rev. B., 74, 014106 (2006).
39. C. Kruea-In, G. Rujijanagul, F.Y. Zhu, and S. J. Milne, “Relaxor behaviour of
K0.5Bi0.5NbO3-BiScO3 ceramics,” Appl. Phys. Letts., 100, 202904 (2012).
40. H. Matsuo, Y. Noguchi, M. Miyayama, M. Suzuki, A. Watanabe, S. Sassabe, T.
Ozaki, S. Mori, S. Torii, and T. Kamiyama, “Structural and piezoelectric properties of
high-density (Bi0.5K0.5)TiO3–BiFeO3 ceramics,” J. Appl. Phys., 108,104103 (2010).
41. T.A. Skidmore, T.P. Comyn, A.J. Bell, F. Zhu and S. J. Milne, “Phase diagram and
structure-property relationships in the lead-free piezoelectric system: Na0.5K0.5NbO3-
LiTaO3,” IEEE-TUFFC, 58, 1819-1825 (2011).
